Abstract--125μm-breath sensor with high sensitivity and rapid response was prepared by using n-type Si: Au material. Its sensitivity coefficient and time constant were 4 V.sec/L and 38 msec, respectively. Its working principle was based on anomalous resistance effect, which not only increased the sensitivity, but also reduced its time constant greatly. Its signal processing system can select the breath signals and work stably. Therefore, the small changes of breath system can be measured and, especially, patient's breath rate can be monitored at a distance.
Abstract--125μm-breath sensor with high sensitivity and rapid response was prepared by using n-type Si: Au material. Its sensitivity coefficient and time constant were 4 V.sec/L and 38 msec, respectively. Its working principle was based on anomalous resistance effect, which not only increased the sensitivity, but also reduced its time constant greatly. Its signal processing system can select the breath signals and work stably. Therefore, the small changes of breath system can be measured and, especially, patient's breath rate can be monitored at a distance.
Index Terms--sensor; signal processing system; deep impurity; anomalous resistance effect.
I. INTRODUCTION For semiconductors containing shallow impurities, including n-type silicon, the variation of its resistance R s with temperature obeys T -3/2 rule, i.e.
R s =CT -3/2
(1) where C is proportional constant. For single crystal n-type silicon doped with deep impurities, near room temperature, the relationship between its resistance R d and temperature T satisfies [1] [2] [3] 
Fermi level and the deep acceptor level of gold impurity are equal to 0.57 eV and 0.54 eV, respectively, below the conduction band in the band gap of our n-type Si:Au material and, thus, E F -E A =0.03eV. At room temperature (T=300K), we have . Therefore, the sensitivity of 125μm-breath sensor, made by Wheatstone bridge using n-type Si:Au material as bridge arms, can be increased by 10 3 times, comparing with containing shallow impurities [4] . Our 125μm-breath sensor can be used to monitor different breath flux and frequencies. In the Wheatstone bridge of our 125μm-breath sensor, the variation of the offset voltage will play a vital role to the circuit. If the offset voltage remains constant, the voltage output of 125μm-breath sensor only depends on its flux. In order to eliminate the offset voltage drift, some compensation methods and auto-adjusting circuits are adopted. Thus, the The doped Au element was diffused in Si substrate by deep doping method [5] . The main part of 125μm-breath sensor, made of n-type Si:Au material, was a Wheatstone bridge using anisotropic etching n-type Si:Au resistors. The length of each bridge arm was 125μm. The structure and photograph of the integrated fabrication of the 125μm-breath sensor were shown in Figs.1 and 2, respectively.
The schematic diagram of monitoring system of 125μm-breath sensor was shown in Fig.3 . A resistor R was connected in series with the power supply circuit to protect the sensor. The measurement was carried out in a 6mm-radius tube with the measuring range from 0 to 27L/min. The static and transient characteristics of 125μm-breath sensor were measured, including the output voltage as well as time constant of 125μm-breath sensor. Fig.1 The structure of the 125μm-breath sensor Except for using n-type Si:Au material instead of hot wires to form the electric bridge arms, this 125μm-breath sensor shares the same principle with the hot wire flow meter. When air flows through the electric bridge, the temperature variation between the two arms perpendicular to the air flow direction is much more than that between the two arms parallel with the air flow direction. The sensitivity of the sensor depends on the resistance variation of the electric bridge arms when air flows through the sensor. When the sensor size decreases to micro dimensions, the contact area between the air and bridge arms is also largely reduced. So selecting materials which have high sensitivity toward temperature is the key problem. The sensitivity of 125μm-breath sensor was increased by using n-type Si:Au material.
B. The static characteristics of the monitoring system of 125μm-breath sensor Suppose the measurand is x , output is y and the response time is zero, the function between the measurand and the output should be
where C is a constant. If the measurand varies dx , then the output's variation should be
is the sensitivity coefficient. Took x and y as flux and output voltage of 125μm-breath sensor, respectively, their relation was measured, as shown in Fig.4 . When the flux was more than 8L/min, it had the linear relation with the output voltage. In other words, their slop could be used to represent the sensitivity coefficient of 125μm-breath sensor. The sensitivity coefficient
was obtained when we took the stable supply voltage across bridge to be equal to 7V and the stable total supply current to be equal to 30 mA. Fig.3 The schematic of the 125μm-breath sensor 
In which Usually when m >2 and is too small to negligible, the Eq. (7) can be simplified to: 
D. Signal processing circuit
The breath monitoring system can display the flux from 1 to 27L/min and the frequency from 1 to 200/min. Their normal values vary against different people. The critical adjusting parameters include the minimal and maximal flux per minute, and the minimal and maximal flow frequency per minute. When the system detects breath state parameters exceeding the critical values, the alarming circuit of the system starts to work by lightening a red LED and sounding a buzzer to inform doctors and nurses. Due to its micro-size, this sensor is very easily to install in the tubes which are used to monitor the breath state.
The input signal from breath sensor is divided into two paths after going through the buffering section of the signal processing circuit. One is sent to the operational amplifier 1; and the other is sent to operational amplifier 2. The signal through operational amplifier 2 is also divided into two paths. One is fed to the A/D converter to display breath flow speed; and the other is fed to the Schmidt circuit to calculate the breath frequency. The breath flux matrix and frequency matrix are used to identify the breath state. If the breath flux or frequency is either too high or too low, those circuits will send corresponding signals to the alarming circuit. Then the alarming circuit will sound the piezoelectric ceramic speaker and lighten the LED to notify doctors and nurses to set those critical parameters.
Because other interfering signals will destabilize the interface circuit, the control circuit of interfering signals is necessarily installed to eliminate their effects. When the input signal is small( 10mV), the potentiometer in amplifier will let the Schmidt flip-flop to output a up lever which can then let the A/D converter and the counter to output null. In such case, even the small interfering signal exists, the value shown on the flux and breath frequency display will be null. When normal breath signals input( 10mV), they will be sent to the amplifier 2 after buffering. Then the signals will be sent to the A/D converter to detect the flux and to the counter to calculate the breath frequency.
The interfering signals, including doctors and nurses' walking, will be sent to amplifier 1 and then fed to the control circuit of interfering signals. After being digitized, the characteristics of those signals will be stored in storage systems. Some possible interfering waveforms can also be prestored. When the system works, the input signal will be compared with those already stored ones. If they have the same characteristics, the control circuit will send another signal to stop the breath flux and frequency circuits working.
Sometimes the offset variation and drift might lead to the whole system breakdown, especially when the monitoring system has worked in a long time. So the auto adjusting circuit should be installed to maintain the offset voltage constant. The operational amplifier 1 is used to amplify the interfering signal and the offset voltage drift signal. The period of breath signal is usually less than 6s, whereas the time duration, in which the offset voltage changes obviously, is always more than 60s. In such case, an offset voltage timing circuit can be introduced to monitor the signal's duration. Because the duration of input signal is always more than 60s, the offset voltage timing circuit can send another signal to the auto zeroing control switch and output the compensating offset voltage from the auto zeroing voltage sampling circuit to the operational amplifier 2 to eliminate the effects caused by the offset voltage drift.
IV. CONCLUSION The 125μm-breath sensor, made of n-type Si:Au material, not only has a higher sensitivity( L V sec/ 4 ⋅ ) and shorter time constant(38ms), but also has a simpler fabrication technology than others [6, 7] . So, it can be widely applied.
The experiment indicates that its signal processing circuit can eliminate the voltage drift and other interfering signals. The whole circuit can work stably to process all breath signals. Therefore, patient's breath rate can be monitored at a distance.
